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Scope of the Review: Ladder Readiness

Barrels Services Barrels Services Barrels

ROCs/ Support ROCs/ Support 

This is the part 
of the review “Ladder”

➢ Stave Design
➢ Ladder Design
➢ Ladder Assembly

We have two sites for 
ladders assembly: 
BNL and Taiwan

Are there open design issues?
Answer: No.
Seven full ladders were built
successfully.

Some definitions:
- HDI: High Density Interconnect
- Chips (FPHX): a preamp ASIC 

with some digitizing
- Sensor: silicon sensor AC-coupled
capacitance and charge sensitive

- CFC: Carbon-Fiber-Composite



INTT Collaboration (Manpower) 
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Strong Commitments of RIKEN/RBRC for sPHENIX/INTT

March 2nd, 2021

Letter from the other side 
of the Pacific Ocean (Japan)
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INTT Many Successful Reviews – Technical Review 2018

March 2nd, 2021

Suggestions were followed and 

recommendations were implemented 
successfully.
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INTT Many Successful Reviews – Directorate Review 2019

March 2nd, 2021

Costs/Schedule/Management

Statements from the Review Committee

Again; Suggestions were followed and 

recommendations were implemented 

successfully (many thanks to the 
reviewers).



April 9-11, 2019

3.01 The sPHENIX INTT WAS SET

- INTT has a unique role in the sPHENIX

tracking system being the only detector with 

sufficiently fast time response to be able to 

associate individual tracks and events.

Mass Resolution

Y(1S,2S,3S) → e+e-

• TPC

Tracking System: MVTX+INTT+TPC 

• iHCAL
- Charged Tracking in sPHENIX:

• MVTX provides vertexing

• TPC provides p-resolution

• INTT provides matching

• MVTX

• EMCAL
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3.01: INTT Two Barrels Specification

Two Barrels
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Today
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Sensor ASensor B Sensor AHDI HDISensor B

Half LadderHalf Ladder
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Carbon-Fiber Composite(CFC) Stave

What is INTT Ladder?

Ladder

➢ 1 Stave
➢ 2 HDIs
➢ 52 chips
➢ 4 Sensors

See Talk: Ladder 

Electronic Components 

by Itaru Nakagaya
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Carbon-Fiber Composite(CFC) Stave

What is INTT Ladder?

Ladder

➢ 1 Stave
➢ 2 HDIs
➢ 52 chips
➢ 4 Sensors

See Talk: Ladder 

Electronic Components 

by Itaru Nakagaya

➢ FPHX: used successfully in FVTX/PHENIX tracker

➢ Strip sensor: AC-coupled silicon sensor,  standard HPK silicon sensor 

design (78 um) 

➢ HDI: conservative copy of FVTX/PHENIX

➢ CFC-Stave: NEW design



Stave Design – Parts and FEA Analysis
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Tube Bend
(316 Stainless)

CFC Flat
(NT91500-520S + 25R 

+ 20301A 34 GSM)

Endcap
(Carbon PEEK)

CFC Formed
(NT91500-520S + 
25R + 20301A 34 

GSM)

Rohacell 110 RIST 
Foam

(polymethacrylimide)

CFC Tube OD: 3mm,
ID: 2mm (T700)

Pin Receptacle
(Copper)

Tube Sleeve
(316 Stainless)

Epoxy
(Hysol
9396)

Epoxy
(EP75-1)

Between all parts

See Talk: Stave and Barrel 
Design and FEA Analysis

by Daniel Cacace
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Stave Quality Control and Quality Assurance

1)  Staves are being 
fabricated by Asuka
Co. in Japan to 
specification on 
previous drawings.

2) BNL and Si-Taiwan 
labs receive the 
completed staves and 
we retest them before 
ladder assembly.

Flatness measurement at BNL

Pressure Test at BNL

Long Term Flow Test at BNL

See Talk: Production Stave 
Quality Assurance 
by Robert Pisani
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Stave Quality Control and Quality Assurance

1)  Staves are being 
fabricated by Asuka
Co. in Japan to 
specification on 
previous drawings.

2) BNL and Si-Taiwan 
labs receive the 
completed staves and 
we retest them before 
ladder assembly.

Flatness measurement at BNL

Pressure Test

Long Term Flow Test

See Talk: Production Stave 
Quality Assurance 
by Robert Pisani

➢ The Quality Control (QC) procedures during manufacture and the Quality 

Assurance (QA) procedures after parts are received are developed and 

exercised.
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Site 1: Ladder Assembly at Silicon Lab Taiwan
Step 1: Half ladder assembly

Step 2: Ladder assembly

Step 3: automatic chips/sensors assembly machine

Facility 

Step 4: Wire bonding  and Encapsulation

See Talk: Ladder Assembly at NCU/NTU
by Cheng-Wei Shih
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Site 2: Ladder Assembly at Silicon Lab BNL
Ladder Assembly

Wire bonding and Encapsulation

See Talk: Ladder Assembly at BNL
by Connor Miraval

Ladder QA in every assembly steps: HDI, chips/HDI, and Sensors/chips/HDI  

7 Pre-production ladders assembled successfully
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Ladder Assembly and Quality Assurance
See Talk Ladders Evaluation and Classification 
by Milan Stojanovic

Ladder assembly steps and QA steps are coupled

Ladder QA in every assembly steps: HDI, chips/HDI, and Sensors/chips/HDI  
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Ladder Performance: Beam Tests 2018 and 2019
Readout Schematic: beam test 2019

Setup: beam test 2019

MIP Peak: beam test 2019

Half-ladder #1: Beam Test  2018 with proton beam 120 GeV

Half-ladder #1: Beam Test  2019

See Talk Ladder Performance
by Takashi Hachiya
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Today
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1. Engineering and Design –
• For the items under consideration for 

fabrication approval are all requirements and 
interfaces locked and documented? Has the 
integration of the parts been carefully checked 
with other INTT components and surrounding 
sPHENIX components? 

– Yes, all direct interfaces to the ladders are 
internal to the INTT. Indirect interfaces 
between the INTT and MVTX/TPC have 
been accounted for in the design (see 
Dan’s Talk for detail).

• Is the design complete, and documented in 
detailed assembly and parts drawings? Have the 
drawings been checked?

– Yes, all parts have been designed and 
have drawings that are signed and 
approved (see Dan’s Talk for detail).
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• Has the schedule for procurement, including internal signatures and approvals, bid duration, 
material procurement, and fabrication been correctly estimated?  
- Yes, RIKEN INTT management and 

procurements service at RIKEN  in
direct contact with Japanese companies, 

- HPK (sensors), Yamashita (HDI),  
and Asuka co. (CFC-staves), they did:
- prototype (done)  
- pre-production (done)
- production procurements in place

Component Prototype Pre-Production Production

FPHX Chips 

(FNAL)

✔ + 

beam tests

✔+ beam test ✔

12000 

(52x56 needed)

Silicon  Strip 

Sensors

(HPK)

✔ + 

beam tests

✔+ beam test ✔

500

(4x56 needed)

HDI

(Yamashita)

✔ + 

beam tests

✔+ beam test ✔

190

(2x56 needed)

CFC-Stave

(Asuka)

✔ ✔

7 ladders

-

(56 needed)

Ladder ✔ + beam 

test

half ladders

✔

7 ladders

-

(56 needed)

➢ FPHX: used successfully in FVTX/PHENIX
➢ Strip sensor: AC-coupled silicon sensors

standard HPK design (78 um) 
➢ HDI: conservative copy of FVTX/PHENIX
➢ CFC-Stave: NEW design

2. Management –



23March 2nd, 2021

• Is the schedule in-line with the sPHENIX construction schedule?
- Yes. 

Pre- COVID-19 Schedule of INTT WBS Input to P6

- Ladder Assembly

➢ 02/22/2021 (schedule)
➢ 05/22/2021 (new)
3 months delay 
(1.5 months delay because 

we have two sites for 
assembly)

INTT end of 
construction 
5/26/2022

2. Management –
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3. Fabrication –
• Have potential vendors been identified? 

- Yes, Asuka company in japan produced the prototype 
and pre-production CFC-staves successfully

• Will assembly be required? Who will perform the assembly?

- Yes, Asuka co. will assembled the CFC-staves

• What are the acceptance criteria for parts? Is this documented and part of the procurement package? 
Who will do the acceptance

- Yes, the stave requirements criteria are part of stave design, and Asuka co. will do acceptance tests
during fabrication process, see Rob’s Pisani talk

• inspection and testing? 

- During fabrication steps, Asuka co. will do flow, pressure, and flatness tests of all staves. Only staves
satisfied the criteria will be delivered

• Is shipping included in the procurement? 
-Yes, RIKEN includes shipping in the procurements 

• Where will equipment be stored upon arrival at BNL?
- At the silicon lab room 2-211, physics dept. BNL.
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4. Quality –
• What are the quality assurance requirements 

for this procurement?
- BNL and Taiwan assembly teams will retest all

staves prior to the ladder assembly,
see Robert’s Pisani talk.

• Are material certifications required? 
- Material certifications are not needed, 
see Dan’s Cacace Talk  about CFC stave material

• Are there intermediate inspection steps required 
during fabrication that will require BNL team 
involvement?
- No.

Each Stave goes through a multi-step testing and 
inspection process to ensure the staves are of 
high quality. 

1. Visual inspection

2. Leak test

a) Pressurized test

b) Submersion test 

3. Flow consistency test

4. Flatness measurement

5. Long Term flow testing
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5. Safety – INTT Environmental, Safety and Health (ES&H) 

- The INTT detector assembly (ladders, barrels and testing) work is carried in the silicon lab room 2-211 in the physics department
at BNL.

- The INTT Environment, Safety, and Health (ES&H) at the silicon lab (room 2-211) is handled by Brookhaven National Laboratory
Integrated Safety Management System (ISMS) through the Silicon Lab Experimental Safety Review (ESR) Form: PO-035-2016.

- The Silicon Lab ESR Form describes all the works carried out by the INTT team and trainings required from each individual. 
The INTT individuals working in the silicon lab are registered in the Brookhaven National Laboratory Integrated Safety
Management System (ISMS). The individuals are notified in case their training is expired or new trainings are required.

- All work associated with the INTT silicon lab will be conducted in a manner that ensures protection of the people (required
trainings to achieve the work safely and effectively, glasses,…) , and the environment. Implementing procedures and additional
guidance to ensure accomplishment of these expectations will be established as necessary and communicated to members of
INTT team.

- All INTT components needed to meet mission requirements are fully defined and are designed, assembled, and operated in
accordance with applicable Federal (including DOE) requirements.

- The INTT Environment, Safety, and Health (ES&H) follow sPHENIX ES&H at BNL. The work of INTT at the silicon at BNL is under
the supervision of Achim Franz as its Experiment Review Coordinator (ERC).


